The purpose of this longitudinal study was to investigate whether acid phosphatase level changes in Gingival Crevicular Fluid (GCF) could be used to monitor bone turnover changes during human orthodontic tooth movement. Seven patients (2 males and 5 females; mean age, 23 years) were selected. Pre-Adjusted Edgewise Appliance (MBT 0.022 X 0.028-inch slot) was strapped up and aligning and leveling was completed prior to distalization of maxillary canines. The contralateral canine (CC) was not subjected to distal force and was used as the control tooth whereas the maxillary canine on the right side was used as the experimental tooth and was considered to be the distalized canine (DC). From the mesial and distal tooth sites of the DC and the CC, one µL of GCF was harvested with a (Hirschmann R microcapillary pipette, Sigma Aldrich R ), before appliance activation, 1 hour after, and every week thereafter for a period of 28 days. The results were expressed as total ACP activity (U/L) determined spectrophotometrically at 30 0 C at 405 nm. One way Analysis of Variance (ANOVA) and Independent Samples t-test and MannWhitney U-test was done for comparison of enzyme activity among the pre-determined intervals and the SPSS computer program version 21 was used to carry out the statistical evaluation. The ACP activity in GCF was elevated in DC as compared with CC in the first week (3.964+0.940 U/ L) and third week (6.643+0.802 U/L), confirming the fact that the enzyme activity in DCs was greater than in the CCs, more so in the distal (compression) than in the mesial (tension) sites. The increased ACP activity in the GCF in the distal sites of DCs reflects the biologic activity in the periodontium during orthodontic tooth movement (OTM) and could therefore serve to monitor bone turnover changes during OTM in clinical practice.
INTRODUCTION
Orthodontic tooth movement is characterized by continual bone deposition in the tension side and continual bone resorption in the compression side. However, this bone turnover is characterized by periods of activation, resorption, reversal and formation occurring after orthodontic force application. GCF constituents as diagnostic markers of active tissue destruction in periodontal diseases has been well documented 1, 2 . Increases in lactic acid and citric acid during orthodontic tooth movement were reported by Miyajima et al 3 which suggested their correlation with alveolar bone resorption. Last et al 4 reported that the side to which the teeth were moved orthodontically had increased levels of chondroitin sulphate. Lowney et al 5 reported an increase in tumour necrosis factor alpha in GCF from teeth undergoing orthodontic force. Griffiths et al 6 found that in orthodontically treated teeth there was an increase in the levels of osteocalcin and piridinium cross-links of bone collagen in the GCF. Elevations in acid phosphatase levels is associated with bone resorption 7, 8 and the same in alkaline phosphatase levels accompanies bone formation 9 . Insoft et al 10 described the activity of acid and alkaline phosphatases in human GCF during orthodontic treatment in a longitudinal study for 3 cases. Few studies have been reported on the exclusive role of acid phosphatases in GCF to monitor the biologic process in the periodontium. The present longitudinal study monitored GCF (ACP) activity temporally and spatially during orthodontic treatment in seven human subjects with commercially available assays.
MATERIALS AND METHODS
Seven orthodontic patients, 2 males and 5 females, (age range, 14 -27 years, mean 23 years ) were included in the study. Informed consent was obtained from the patients and the protocol was viewed and approved by the Ethical Committee of Bharath University, Chennai, India.
Inclusion criteria
Good general health and oral health with full -mouth plaque score and full -mouth bleeding score less than or equal to 20%.
No use of nonsteroidal anti-inflammatory drugs a month preceding the study as also during the study period to preclude any interference with normal orthodontic tooth movement.
Fixed appliance therapy (pre adjusted edgewise appliance (MBT, 3M-Unitek; Monrovia, California), 0.022 x 0.028 -inch slot was strapped up. Transpalatal anchorage was used. Prior to canine distalization, initial aligning and leveling was completed.
Rigid oral hygiene instructions were given. In each patient, the maxillary canine on the right side was the distalized canine (DC) and was used as the experimental tooth and the contralateral canine (CC) was used as the control tooth. A continuous stainless steel ligature wire (0.010 -inch) was used to lace together passively the teeth from CC to the contralateral maxillary right lateral incisor. A nickel titanium coil spring 9 mm in length stretched from the canine hook to the hook on the maxillary right first molar tube was used to distalize the maxillary right canine on a 0.017 x 0.025 inch stainless steel archwire. Presence or absence of dental plaque (PL) and bleeding on probing (BoP) was clinically monitored before the baseline examination, during the experimental period and after 28 days.
Supragingival plaque was removed with cotton pellets and a gentle stream of air was directed towards the tooth surface for 5 seconds to dry the areas and cotton pellets were used to isolate each crevicular site included in the study. One µL of GCF was collected with a (Hirschmann R microcapillary pipette, Sigma Aldrich R ), from both the mesial and the distal aspects of the CC and DC; before canine distalization, an hour after canine distalization and regularly every week for 4 weeks.The GCF fluid so collected was diluted to 99µL with Sorensens media containinig 0.05% bovine serum albumin in phosphate-buffered saline pH 7.0 in a plastic cuvette.The working reagent solution was prepared by dissolving 1 substrate tablet in 2.2mL buffer solution. One mL of this working reagent solution was added to 100µL of the GCF sample solution in a plastic cuvette and the ACP activity was assayed with a spectrophotometer at 30 ACP at an acidic pH hydrolyses aNaphthylphosphate to form a-Naphthol and Inorganic Phosphate. The a-Naphthol formed is coupled with Fast Red TR salt to form a diazo dye complex. The rate of formation of this complex is measured as an increase in absorbance at 405nm which is proportional to the ACP activity in the sample.The absorbance was converted into enzyme activity units released per minute at 30 0 C. Readings were noted immediately after initiation of the reaction (A1), 1 minute later (A2), 2 minutes later (A3) and 3 minutes later (A4). The summation of the changes over the 3 minutes period starting from A1 to A4 [(A2-A1) + (A3-A2) + (A4-A3)], was then calibrated and the change in absorbance was noted and designated as delta A. The mean change in absorbance per minute was calculated (delta A/ min). Total acid phosphatase activity in U/L was calculated using the formula: Delta A/min x 750.
According to the readings obtained in the spectrophotometer a master chart was prepared for the enzyme activity. The mean level of acid phosphatase activity was calculated and the standard deviation of the mean values of the enzyme activity at the mesial and distal aspects of the test and control sites was determined. Independent Samples t-test and Mann-Whitney U-test was done for comparison of enzyme activity among the predetermined intervals and the SPSS computer program version 21 was used to carry out the statistical evaluation.
RESULTS
There was no clinically detectable movement in CCs, whereas DCs underwent a distal movement of about 1mm in the period of study of about 28 days. From the ACP activity values obtained at each site from every individual patient included in the study, the mean ACP levels in the GCF at the mesial and distal sites of the DC and the CC was calculated. (Table I ).
Since the observed values of acid phosphatase activity in Gingival Crevicular Fluid (ACP in GCF) in mesial and distal sites was close to the expected values in the P-P plot, it was assumed that the said activity follows normal distribution and hence independent samples t-tests (parametric tests) were used for making comparison between control and experimental group. An attempt was also made with non-parametric test (Mann-Whitney U test) for making comparison between control and experimental group. Acid phosphatase activity in GCF was found to have similar values between experimental and control groups both in mesial and in distal sites 'before activation' and '1 hour after activation' periods. In both the mesial and distal sites, the ACP in GCF is found to have different levels between experimental and control groups after 7 days of activation. The ACP in GCF level was found to be higher in the experimental group compared to the control group both in mesial and distal sites after 7 days of activation. A statistically significant increase in the level of ACP activity was observed on the 7 th day in the distal sites of the experimental group in comparison to that of in the distal sites of the control group. The mesial sites of both the experimental and control groups were closer to the baseline values on the 7 th day. A steady increase in the level of ACP activity was observed from the 7 th day to the 14th day more so in the distal sites than in the mesial sites of the experimental group whereas the levels were the same in mesial and distal sites of the control group. However, there was a distinct peak in the level of ACP activity on the 21 st day in the (Fig.1, Fig. 2 ). 
DISCUSSION
Animal studies have shown that the process of remodeling is more complex and it has been histologically observed that bone resorption and deposition takes place in both the compression and tension sites of the alveolar bone 11, 12 . However, orthodontic tooth movement produces bone remodeling with resorption in pressure sites and deposition in tension sites 13 . Early detection of periodontal disease can be effectively evaluated by the biochemical analysis of GCF 14 .
The role of ACP activity in orthodontic tooth movement is interesting as it is an essential enzyme for bone resorption. Acid Phosphatase (ACP) is an enzyme of the Hydrolase class of enzymes and acts in an acidic medium. It is widely distributed and found in high concentrations in the liver, RBC's and the prostate. Increased levels of the prostatic fraction are associated with prostatic carcinomas. Increased levels of the non prostatic fraction are associated with liver diseases, hyperparathyroidism and Paget's disease. Hence, to avoid any ambiguity the criteria of selection of patients for the study was that they exhibit good general health.
In the present human longitudinal study, the GCF ACP activity in the DC was compared with that of CC and the results showed that the enzymatic activity was dependent on the orthodontic phase and was significantly different among DCs and CCs. Several different approaches are adopted for the collection of GCF. A method which is less disturbing to the crevicular epithelium and facilitates more rapid measurements is the placement of filter paper strips in the gingival crevice [15] [16] [17] . Collection of predetermined volumes of GCF with microcapillary tubes has been reported in the literature 18, 19 . In our study the Hirschmann microcapillary pippete was used to collect 1µLof native GCF. Care was taken not to disrupt the delicate crevicular epithelium as the microcapillary tube was passed back and forth in the gingival crevice for 10-15 minute periods. Any contamination with blood or serum was discarded and a fresh sample was taken. Acid phosphatase activity in GCF was found to have similar values between experimental and control groups both in mesial and in distal sites 'before activation' and '1 hour after activation' periods. The ACP in GCF was found to have different levels between experimental and control groups after 7 days of activation in both the mesial and distal sites. There was an increase in the acid phosphatase level on the 7 th day in the experimental group more so in the distal region (areas of compression). 20 There was a steady increase in the ACP levels and it reached peak levels on the 21st day in the distal sites of the experimental group indicating active bone resorption activity. Yokoya et al 21 too reported that osteoclasts increased upto the 7 th day on the pressure side but fell rapidly by 14 th day. Gingival inflammation too can cause increased ACP activity. 10, 22 As the plaque and bleeding on probing score was less than 20%, it was deduced that the increase in ACP activity was due to a mechanically induced inflammation and not a bacterially induced one. The greater ACP activity values reported for the distal (compression) sites as compared to that of the mesial (tension) sites on day 7 th and 21 st , might be a consequence of the prevalence of bone resorption over deposition. This observation was in concurrence with other significantly reported data 14, 23 .
ACP activity at the mesial and distal sites of the CC remained stable throughout the study, reiterating the fact that the distalized canine could have evoked the spike in ACP activity. This is concomittant with the reports that suggest that orthodontic forces produces distortion of the periodontal ligament extra-cellular matrix and the resultant alterations in cell shapes leads to the synthesis of inflammatory mediators, acids, extracellular matrix components and tissue degrading enzymes that eventually induce cellular differentiation, proliferation and remodeling. 24 Since orthodontic tooth movement is a periodontal ligament phenomenon, the release of acid phosphatase in the GCF and its subsequent estimation would enable the orthodontist to monitor the biologic processes occurring during OTM, thereby serving as an invaluable diagnostic tool in clinical practice. It may be surmised that estimation of ACP activity in GCF would enable the orthodontist to deliver optimal forces and based on individual tissue responses manage the appliance effectively.
